Abstract: Lychnothamnus barbatus, which in Lithuania occurs northernmost in Europe, was identified in 4 lakes: Balsys, Maþasis Gulbinø, Vygris and Ðventininkai. The aim of the paper was to present the recent vegetation, habitat conditions, abundance and co-occurring plant species in shallow Lake Ðventininkai. L. barbatus population was rediscovered after 50 years. It was recorded in 1823 and 1960, but it has not been detected later on during scattered investigations until now. Recent vegetation of Lake Ðventininkai is a typical of eutrophic lakes with the domination of Ceratophyllum demersum, Elodea canadensis and rarely L. barbatus. The submerged communities are represented by 7 associations. L. barbatus was distributed at the depth of 1.1-2.1 m. Nitellopsis obtusa, Chara globularis, Chara contraria were the most common, co-occurring species of L. barbatus. Lake Ðventininkai is a unique, very shallow (average depth <3 m) lake with re-established L. barbatus population after its total decline in strongly polluted lake waters following the lakes self-purification. The presented data are important for the restoration of the status of the protected area and management of this territory.
Introduction
Lychnothamnus barbatus is one of the rarest charophyte species in the world. Its distribution in Europe, Asia and Australia was comprehensively described by Sugier et al. (2010) . Over the past decade, it was investigated mostly in Australia (Casanova et al. 2003; Garcia 2003) , Balkans (BlaûenËiÊ & BlaûenËiÊ 2003) , Poland (Pe≥echaty & Pukacz 2006; Pe≥echaty et al. 2009; Kolada 2009; Gπbka et al. 2010) and Lithuania (BaleviËius 2001; SinkeviËiene 2009 ). The decline of this species, especially distinctive at the end of the 20 th century (Krause 1997; Casanova et al. 2003; BlaûenËiÊ et al. 2006) , was also noted in Polish and Lithuanian populations (BaleviËius 2001; SiemiÒska et al. 2006; SinkeviËiene 2007; Pe≥echaty et al. 2009 ). Poland and Lithuania, situated at the northern limit of L. barbatus distribution, are exceptional in Europe, because more or less stable populations were known there since the 19 th century (BaleviËius 2001; SinkeviËiene 2007; Gπbka et al. 2010; Sugier et al. 2010) .
L. barbatus, in Lithuania occurring northernmost in Europe, had been recorded in five lakes: Balsys, Gulbinai, Vygris, äventinkai and Sπgardas (äarkiniene & Trainauskaite 1978) . However, one locality ñ in Lake Sπgardas (eastern part of the country) ñ has never been confirmed by herbarium specimens or recent findings and is doubtful. Ten years ago, the occurrence of L. barbatus was confirmed for two lakes (BaleviËius 2001) . In summer of 2011, the species was found in additional two lakes. Hence, at the present time L. barbatus in Lithuania occurs in 4 lakes: Balsys, Maûasis Gulbinu, Vygris and äventininkai.
Lake äventininkai, most probably, is the oldest known locality of L. barbatus in Europe, first recorded at the beginning of the 19 th century. Wolfgang (1824) announced in local press about a new, undescribed Chara species (species nova) discovered in Lake äventininkai by a student S. Gorski. The collection consisting of 42 herbarium sheets under the name Chara radiata Çmihií gathered in this lake is deposited at the Herbarium of Vilnius University (WI) together with other charophyte specimens collected by S. B. Gorski (MinkeviËius & Trainauskaite 1970) . However, the new species under the name Chara radiata was not described and published validly. By mistake, Gorski (1830) himself reported Chara brachiata Dierb. instead of Chara radiata. After more than one hundred years, . .
Chara radiata herbarium specimens were re-determined as L. barbatus by Mowszowicz (1947) . The species was last recorded in Lake äventininkai in 1960 (äarkiniene 1961). According to unpublished reports and personal communications, the species had never been found there until now. äventininkai Botanical Reserve, which was established in 1960 for the protection of this rare species, was removed from the lists of protected areas in 1988.
The aim of the investigations was to verify the recent vegetation in Lake äventininkai. The rediscovery of L. barbatus after 50 years was a great surprise and enabled scientists to ascertain the recent vegetation, the conditions of growth and co-occurring species of this exceptional Charophyte. The obtained data may be interesting and important because it is the first known spontaneous re-establishment of L. barbatus in European lakes.
Materials and methods
The study was performed in Lake äventininkai (54∞ 35'12.51", 25∞03'23.56" WGS) (Fig. 1) . It is located on the outwash plane formed during the late Nemunas (Weichselian) glaciation (Guobyte & Satkunas 2011). Urban-agrarian landscape dominates in the catchment area.
Since the data on the morphological, physical or hydrochemical parameters of the lake had never been studied, some characteristics were determined during field investigations in August (Table 1) . Maximal depth was measured using portable metre, transparency ñ with Secchi disk. Water pH and conductivity were measured in situ using portable universal meter MultiLine F/Set-3. The sample of surface water from the deepest site was taken in a plastic container, put in the fridge and transported to laboratory. The sample analysis was performed by the certified laboratory ÑVandens tyrimaiî following standard methods (cations ñ LST EN ISO 14911, anions ñ LST EN ISO 10304). Trophic level was determined according to limits for Secchi depth, total nitrogen and total phosphorus (HÂkanson 1980).
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The survey of flora and vegetation, with special attention paid to hydrophytes, was performed in 6 transects from a boat and using a hook and an aquascope. To identify the diversity of macrophyte communities, the method of phytosociological relevÈs (BraunBlanquet 1964) was applied. Species composition, abundance of each species and total plant cover layer in each representative sampled patch were determined.
In representative part of the lake, species diversity, abundance and distribution along depth gradient were determined in E-W belt transect ±10 m in width (Fig. 1) . Initially, species inventory was performed in depth zones of each 0.5 m, subsequently depth limits were corrected according to ranges of dominating species patches. In shallow sites, ranges of the patches were determined by eye or using the aquascope, in the deepest locations ñ by the hook samples only. Species composition and abundance (according to Braun-Blanquet scale) in narrow patches were determined by the threehook samples, and in large patches ñ taking at least five random samples.
Charophyta species were identified using keys by Gollerbach & Krasavina (1983) and Krause (1997) . Nomenclature and authors for charophytes followed Bl¸mel (2003), and for vascular plants ñ Gudûinskas (1999).
Results
There are scarce data concerning earlier macrophyte vegetation and L. barbatus in Lake äventininkai. The herbarium collection of L. barbatus by S. B. Gorski is the only evidence of its high abundance in 1823 (Wolfgang 1824; Mowszowicz 1947; MinkeviËius & Trainauskaite 1970) . Most probably, this species must have been absolutely dominant in the lake, since other charophytes or vascular plant species were not mentioned or deposited at the above-mentioned herbarium or any other herbaria.
In 1960, the species was reported growing very abundantly in the south-western part of the lake (äarkiniene 1961). At that time, six species co-occurring with L. barbatus were mentioned: Nitellopsis obtusa, Chara globularis, Elodea canadensis, Myriophyllum spicatum L., Stratiotes aloides L., Fontinalis antipyretica Hedw. L. barbatus occurred mainly in the eastern part of the lake. Charophytes occupied about one third of its area, while the communities of submerged vascular plants prevailed in the remaining part (Fig. 1) . Lychnothamnetum barbati (Table 2 , relevÈs 1-4) was distributed at the depth of 1.1-2.1 m. Lychnothamnus did not form completely monospecific communities ñ usually it dominated in the upper layer and accompanying species Chara contraria, Chara globularis or Nitellopsis obtusa formed the lower layer. Floristic richness of phytocoenoses was low and ranged from 2 to 5 species. Nitellopsis obtusa was the most consistent accompanying species of L. barbatus. The transitional communities between Lychnothamnetum barbati and Nitellopsidetum obtusae with equally abundant codominated species (Table 3 , relevÈ 4) were distributed at the depth of 1.5-2.1 m. Outside its own communities, L. barbatus often occurred within the Nitellopsidetum obtusae (Table 2 , relevÈs 5-6), rarely was observed in Elodeetum canadensis ( (Table 2 , relevÈ 10). In total, 10 species co-occurring with L. barbatus were registered (three charophytes, two bryophytes and five magnoliophytes). L. barbatus was fertile in the whole distribution zone.
The distribution of species under depth gradient is presented in E-W transect (Table 3 ). The patches of dominant species changed almost every 0.5 ± 0.1 m. The unvegetated zone situated at the depth of 3.1-3.5 m was very small. In the eastern part, charophytes were distributed at the depth of 0.0-2.5 m, but optimal conditions for the development of entire stands was between 0.5 and 2.1 m. Chara contraria was most abundant in the shallowest part, Nitellopsis obtusa ñ in the deepest part and L. barbatus dominated in the intermediate depth zone. The abundance of Chara globularis was low in the whole distribution zone. C. demersum dominated in the large middle part at the depth of 2.5-3.1 m, while Elodea canadensis bordered it on the shallowest sites. This species was also abundant in the domination zone of Equisetum fluviatile in western part of transect. 15 species of hydrophytes and 15 species of helophytes recorded in the transect made up 77% of the total number of species (39) inventoried in the lake. 
Discussion
The decline of L. barbatus noted in Australian and European populations at the end of the 20 th century was, in many cases, related with human activity, which caused the deterioration of water quality and habitat modification (Casanova et al. 2003; Gπbka et al. 2010) . The period of its disappearance in most localities in Poland between 1970 -1990 (Gπbka et al. 2010 ) coincided with the possible time of species extinction in Lake äventininkai. In the second half of the 20 th century, the catchment area of the lake was used for agriculture. Most probably, the intensive farming along the shores was main pollution source of the small and shallow lake. This activity was finished in about 1992. Recently, the lake has been used for recreational purposes and fishing. We did not find any information concerning earlier condition of the lake water. According to recent data, the water in Lake äventininkai is slightly alkaline, moderately hard and transparent up to the bottom. With maximal depth of 3.5 m, this lake is unique among deep Lithuanian Lychnothamnus-lakes. In addition, it is distinguished from other northern Lychnothamnus-lakes by significantly lower hardness of water. Total water hardness, conductivity and calcium ion concentrations are two or more times lower, whereas total nitrogen concentration and water transparency are the highest in comparison with other Lychnothamnus-lakes in Lithuania (BaleviËius 2001). Furthermore, the values of conductivity and calcium ion concentrations in Lake äventininkai are about two times lower than the minimal values estimated for Polish lakes (Gπbka et al. 2010) . According to Secchi, the depth and concentration of total phosphorus in Lake äventininkai belongs to eutrofic, while the concentration of total nitrogen corresponds to that of hypertrophic lakes (HÂkanson 1980) . Recent vegetation in Lake äventininkai is typical for waters rich in nutrients. Due to the high water transparency, L. barbatus can be distributed in a larger area of the lake, but the possibly suitable sites for this species are occupied by C. demersum and Elodea canadensis. C. demersum considered as an indicator of eutrophic waters, is the main competitor and important component of vegetation in the lakes with L. barbatus as well as in the lakes, where it is extinct (Pe≥echaty et al. 2009; Gπbka et al. 2010) . This species was recorded as dominant or co-dominant with Lychnothamnus barbatus in many Polish lakes (Pe≥echaty et al. 2009 ). In Lithuania, C. demersum was reported as a co-dominant species only in Lake Vygris (BaleviËius 2001), situated in agricultural landscape, too.
Elodea canadensis, another very common species in Lake äventininkai, also could be an important competitor of L. barbatus. This species was recorded as an accompanying species in the communities of L. barbatus in Poland and Lithuania, but was neither very abundant nor constant (BaleviËius 2001; Gπbka et al. 2010) . The intervention of Elodea canadensis in usually dense stands of charophytes is complicated, but it successfully occupies damaged habitats or communities (SinkeviËiene 2010).
Nitellopsis obtusa, co-occurring with L. barbatus in Lake äventininkai, is a common component of recent vegetation in Lychnothamnus-lakes in Lithuania (BaleviËius 2001; SinkeviËiene 2010) and Poland (Pe≥echaty et al. 2009; Gπbka et al. 2010) . Chara globularis and Chara contraria, quite constant in Lake äventininkai, occur relatively rarely together with L. barbatus in other Lychnothamnus-lakes (BaleviËius 2001; Gπbka et al. 2010) .
As L. barbatus was not found in Lake äventininkai, at least in the period between 1987-2003, it might be considered that the initial population was completely extinct. It is most likely that population recovered from the oospore bank preserved in the sediments (Bonis & Grillas 2002) . The survival of at least some individuals or spreading by birds is possible, but unlikely. As far as we know, it is the first case of spontaneous re-establishment of L. barbatus in European lakes after total extinction. According to Casanova et al. (2003) , the oospores of L. barbatus are not abundant in propagule banks of Australian populations. The propagule banks of Lithuanian populations have never been studied, but, as we know, plants are usually fertile especially in shallow sites or clear water conditions, thus oospore banks possibly could be formed.
Conclusions
Recent vegetation of Lake äventininkai is typical for eutrophic waters with dominant C. demersum, Elodea canadensis and, as exception, L. barbatus and its communities.
Domination of rare and sensitive charophyte species such as L. barbatus in Lake äventininkai after strong pollution and total decline of the initial population is a unique situation and requires more detailed investigations.
The re-establishment of the population of L. barbatus can be related with the occurrence of a propagule bank, but also with currently unknown high capability of the lake for self-purification.
The fact of the occurrence of this globally rare and endangered charophyte species in Lake äventininkai costitutes the basis for the restoration of its status as a protected area. Permanent monitoring of water quality and vegetation as well as management of this territory is necessary to allow the favourable status of L. barbatus. Biodiv. Res. Conserv. 25: 91-96, 2012 . 
